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^-v : 



1/ 



[0 0 0 1 ] 
[0 0 0 2 ] 

[#ff £K 1 ] #0B¥ 01-220380 ^rtem. 

[W&WfXffitl] 5*x;l/ • 7U->-7x;i/ (M. Graetzel) * 4 ■f- * - (Nature 
) It. (US) , 199 1^, *7-3 7t, p. 353 

[0 0 0 3 ] 

(I TO) ^7 7»»X (FTO) ag*^*^? 
I TO^FTOOJtJStftii, 1 0" 4 ~ 1 0~ 3 O • c mSSfc, ^tfJ^JR^Jt 

jtM««*Ew«fit*T»fa^fti: Lt, MSmflt (I TO, FTOf) <DMf&B2 
[0 0 0 4 ] 

001-40059 3 -5§-#ps) o mmmzxz&mEiigLnm'k*. &m&m& 

z»##?Lil*^*"*"*IR*^*=. 3fe«7&*4 0 0 -50 OTCSJSoSftffiS^jliSW^^tl, 
litrlBiSiBUi4li(riB»«fi»-»x4#K3&*d&S-C**o -^i VjrtftLTIi, FTO, 
I TO. ^fl:?-?^ BHfc3E$&^7&*#lf <b*i&«> 
[0 0 0 5] 

^<7)^m^#tb (?ltLmi/t) Kii), -b^tt**L < « fe* is*- £«, 

miiE#2 010-3005501 



#g|2 0 0 3 -3 0 5 2 6 9 ^-vl 2/ 

MLxnhtihmwk* 5 0 o vm&-?m%i- & z t x ^n^^t^-v^^o z\<dx^ & 

[0 0 0 6] 
[0 0 0 7] 

o 

[0 0 0 8] 
[0 0 0 9] 

* T^iPi K*£ 7\1" * ^ £ * & o 
[0 0 10] 

Hi 1 Ktf1-4: 9 tw, 1 (4, 1 0±t3 N S^ilS lit, 

mi-zmmm 1 4 t£fs;i-cv>* 0 oi -<o*&*iJi uciD, &jre!MI 1 2 

[0011] 

I/>fV7?l/-}' (PET) , * 1 >jxfl/>t73' 1^- h (PEN) , 

h (PC) , (PES) iifOii^^f 7 ^ v- h -*\ BMtf- 

mSE#2 010-3005501 



mm 2 0 0 3 - 3 0 5 2 6 9 ^- v : 3/ 

7 il' 5 t ^ t^4r 7 ? 7 ^ ^ Wilt ^ fflv^ : t ^ I Jo fflii±> 1 
0(2> Tfeitiitt^'C ^ J^ti^C Lv> 0 
[00121 

swrnii i i a, o±u, ±mmm 1 2«®«j: ijev^cio-ci 

XXiJoifNVy^A (I TO) , BMfc*X (Sn0 2 ) , 7 y **inlft'fb^X (FT 
0) ^tf>«te&JRBMb*7W»f <b*Uo 

[0 0 131 

l±&<, IS 2 K^-f J: 3 Kt&^tfcKLfc <9 , ZtoUt, mWi, ffiW*^ 

x. ti\ mm<Dtm ^ 1 0 0 0//m^Ti:, Kt^^t^IiL^o £ , ^«Bfii»ii 1 
2<D&&B.<Dm2 (?«5$) {±> #H«|R$*L4v»3&*, 0. 1 ~ 1 0 v mif J^ 4 

[00141 

itmmmi 2 &jj&t ltij, iif^t^^^^^^wi 

h&&£*^WJ?££fflv>Tp,^o^*- y*M$u-t J J: -? cilL, 

1 0 j&*#9*-e£>S*£-K{i 6 0 0 °CmT\ «t "9#f 3 L < 12 5 5 0 t:JilT 1 1 J £ *«flF 
av> 0 -lo-flfe, *^y?&, ^^tti^IM^lv^iHtUo 

&jke*mi i 2 ^isiirfib^T^ t miz dttj:^^, sjv>*mtt*^r 

&JREiRJI 1 2 <50Jt^trt{±. 4?* <H9X10" 5 fi' c m&T\ i^H<l±, 5 
x 1 0" 5 n • c maTTft J i ttfMZ Lv> 0 
[0 0 151 

iKi»«i4(±, mm* ? < y ? xz^ttmmtt*. \mttzm%m.m, ±mmm 12 

& o 

[0 0 161 

■y?;*.-^ ^'JynH^, ->7yf (Oil^'J v-^±^tt4iitt(7)^M 

tiiSE# 2010-3005501 
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[0017] 

1 4 (1, JjLJf -Cfc i < , LtUK 

&&v> 0 $ ib ten, «Jfe»*&j|fti|»Ji<0 -9 J0L±3&«, #iJx.(lP b O^, PbO-B 

2 o 3 1 v » o /- & 9 * , * & v » « , <d \%m.& # 9 * j&» ?> a&s s *lt v > 

Lfzmx$>2>z\ttf>&mx$>Z> 0 

±.&Ltzmmm 1 4 (i, ^s^i&it^^vxo^^fflv^-cf^L^Jt^-mt^-c, u- 

[0018] 
[0019] 

Lfcfc^Ji, HI 1 KTF-f HI 1 *J|coBSO«a*^i:|W|-i7t(l|5l#<0 
fifj£(i l£^<h iat4RWt**t4-t* , *4. 
[0 0 2 0] 

H3 (i, #s&9j*>*EasJK©iiS2 onifeo^s^^i-^tH&ifMiiT^^o 
io«o*«af«i-cii, ^ikii 1 2 i o (D±.izmfhtix& o , iSB^^m 
hi i(±, 1 2<D±zm*), m±mmm 1 2 ^f^^tL-cv^iii^i 19 £v> 

fitciot, ^^ttrv^o i^iii 4(4, m^sm 1 l^ic, ^seei^ 

Jf 1 2<D'*9->\zm.to&t>2tLX, 1 2 0±MhffiiJffi : Sr^ai"'5>«t a (^J& 

^tiTv>^ 0 $6**® 1 4 (i, &i?!&m 1 1 ^sgsf^e 1 2 <D±.izm 

ioj: -? (citul, n 1 K^-ri 7 l oilof i^lllt l t|Sj 

«K, ttJtJI 1 4 Hi *?&JR&*MB 1 2 *tt«kifilti-*ii:3& I -e§4WC, »*L*«tO$§ 

[0 0 2 1 ] 

&jRBE*ae 1 2d, ma o±Kj&m > ztzummmmm 1 

(1, .L*u;|$&££tt& twtlliv^o 

H3 ~H6 H^1-l ^ H, ^MEiKi 1 2 <D'ptz < t ffijJ*, S# 1 0 K^jftS ftfc 
Ml 0 aflCfitLtv^iii mfex-$>z 0 

i --e, &*ts® i o b (i, £Qg$M i i is J:rr^jRRM i 2 j&*^/&£*i&iH!iom 
^n, msii 0 bUJ^eeM^tL^o 

[0 0 2 2 ] 

IHlfflJl 0a(l, ?f^a^& Z<DWJ&Mt LT, HEa^*-. ^Kf&oT^jSSfi&o M 
f-^^dl OSPl1-^-<t75 ? T'§^o KIWI OaOgffffi^^td, uyX^ ^R^t, U 

±& l 1 xfi&,$L-fi& t mux 1 v^ 0 

miiE#2 010-3005501 
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[ 0 0 2 3 ] 



^mMmm^&^x , &mw.m.m 1 214, ^o^&< t<>— mi o©tn 

0 b KlHlijnIStifclM 1 0 artCtttLt^i (S*tSffi 1 0 b JJJITOS5 $ KiS LT v> 

tfmt^M 1 0 b fc|Wj Dift $"C*£ to, 11 5 6 ic^i-J: o &J5SC£Uff 1 2 <7>^ 
Mt^MM 1 Obi «9S|V»firfi^jtLTV^ tO, @7 K^t" <t 9 &££&IJ1 1 2 



&JEBEiBUI 1 2t2I^S«»l lOttM^ll, #fcffij£3*L* totli^: < , 

^ij x. tf , m 4 k^-t «t 3 aws** 1 1 **^«BE«ae 1 2 * * etgffi iob©± 

K^ric$*Lfc#jt, B5KjptJ:^:, SRIIll l l 0 b _t J-ff^££*LT 

&JRKiM 1 2 fc«ttS*ifcflli!U H6 &XZ/m7 izjjk-f £ 7 agi^SM 1 1 #\ D3 
ffil 0 aBitf'MHIl 0 bO±K}fcj£$*u &JRBE«IS 1 2^$lll 1±« 

12 14, 0 aOrtffiK&L-Cv^Tfc 4 <, M10 aO|*)Mk 

&JK£iKUi 1 2 toil:, £9!3IM l l^ojtfeco@75 ? ^L-Cv^Tt^.v> 0 



mm 1 4 (4, ^<H, &JREM 1 2 j&*30Jfc$ftfc«*O±KmfrT?&jfi$*L-C 

« 1 2 k <DmK, mmmmm 1 1 ^<o^o©^^ LT v^j#^t* n ^ & Q 

^■ffKD^m^H^X &JKBfrliiUf 1 2 11(4, Mif&Gflfl. Pt^^^if ijji*^**^ 



Tv>&fSji-c&*u4\ &jR|fr$JB 1 2©iffitlOTi Ob^Si^-^KWi 
JRBEiRJI 1 2 c?J?£ < i k**-C|: &o z.<Dtz#>, Ml 0<7)iP$ (#MS£^ 
/f 1 2^M$tLTv^v^^<7)*iJ^) < L> ^o, S^ol^ia^fiMt^ - 

t t5 ? T- § * o 
[ 0 0 2 6 ] 

18i:/7tlWita, Ml oicawitli i**3^ifiS*LriJi9, 

itii i±tc gfseo^^- >i<zx&mnmm 1 2 75 s f^$^Tv^ 0 -et-c, 

111 lco±C, BMfc»*S#<&»«*fe&*iKK« 1 3^l£tt<b*i, ^JRGitMIl 2(0 
± £ ttlM 1 4 $ tiT V"» * 0 

ttz, m 9 i:^tti*« 1 *^{4, mi o±k, p^o/^- >tc-c#«E«siii 1 2 

£0&JREi»JSl 2 0±C, R&JKBMMI 1 2 **^Jfi$ft^:fH«J: •? 
l£v>itti:loT, it^M 1 HW^tv^o f LT, I^ttl 1 lOlC, 
Btffc^$#eo»&j&»<b$:&igiKJS 1 3^tt«b^TV^ 0 £«btc, ffiill 4 #\ 
ill 3 0±C, ^JREiUJg 1 2^7->i:I^b?tit < l 2<7)±ffik$J 

mi on^i-ms*Ri-cJi, mi o±t;it0^*mei l&j&j&ztittsi), -os 
m 1 2±n(4, 1 4t5 ? ^$^ltv^ 0 fit, &3ejs 1 3^, mmmmm 1 1 o 

ztix^zztfrb, mmmmm 1 i^±^i^ xo^mmm 1 3 ^^tt^ - tia »k 

4 «5ffiv»JijK^**^&i k75*-C^&o 



iliK^ 1 3 Oltf4k LTf4, m<bil7ca^^tfm^l^i:(7)mi : -#E!lR^iSK^fi:< , ^ 

o^itiitt^, *«^-o«Kiae**iisv^k^«j**s^§tL, (t i o 2 ) , mt 



[ 0 0 2 4 ] 



[ 0 0 2 5] 
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mm 2 0 0 3 - 3 0 5 2 6 9 v I 6/ 

(ZnO) , m<t-*-7 (Nb 2 0 5 ) , Mit^X (Sn0 2 ) , 7 y St^P^fc* X 

(fto) > ^xmmitJ y v+> a (ito) & twij7r;£*L& 0 

igiK»i3j±, mmmmm 1 i^mT-#Ki££W&wi«Kji<^;&£ftTv>&^ 

10- 3 0 0 0 nmflJ^cDJl^-r^i:^? i Lv> 0 ig|5H 1 3 <DB$L 

umtLxn, x^vtm, mmm, ^v-m-^mm (spds) , ^f^-ha, 

f^;f>^ Y9 Vmta^tfmfhti&o Lt^U -1 fib <Dfi&Xli, it 

$US 1 2<7>Mt£i!g£+^#£- t^ilLv^ 3<7)7ta6, «/i 1 3£MlL£}#-S-K 

^msen* 1 2<7)±n, &&vma. mmmmi 1 ^iiS5« 1 3^^^lt, 

l6ili4*Ilt4:i:«I-el)4o ^tLHiO, ^JSKHUi l 2 <DipgMI5£+^ 
*cff -9 - 1 rfx § s o 

[0 0 2 8] 

i izmir&&tfi ozm&LtiVim-e. zn&tfi o K&ivxmmm 1 3^miiE#t^ 
^coi^icL-c, &9?&m i i zmm-r&tz&vmmm 1 3 ^^t^-tci *k it 

[ 0 0 2 9] 

h i o izm-rnm&iR 1 t:*5v>r«, 1 3 *&jrk*mi 1 2 1 

[0 0 3 0] 

*$kW<r>mM&WL<£>Z b^m<DnM<7)MMZ7F-to Hi 1 fcnc*F 1 fi. ^1 
co^H^2»mJl 1 1 a^)ii:, HI*. ieift^7->atiIE8 

* l 2^M$tiTjoi9. c^IMil 2*>±fc, K^JKBBMl 2«It^/;* 
1 4**ti!:»t'b*LTV»<&o Sfcfc, £KK>*« 1 2*»ilWl 1 4 W_t*HFo-t\ $ 
2(OMHJ^mill 1 b&MJ&2HX\<*Z>o ojt), tISeti 1 2«114^\ ^1 
<7)il>K*m/f 1 1 a fcH2 Ojg93SM 1 1 b<Dmfc$ittitz£ i i:*otv^ 0 £ l 33 

± tf# 2 ojgw&OT 1 1 a , 1 1 b n, ±&<Dmwm'mm 1 1 1 mw. <r> t o-c* 0 , 1 

TO, FT0^03S«14^JKS?'fk!fe^P>***JB|-e**o 

1 t~ i *uf , mmm 1 4 k «t *) , ^sseia/i 1 2 coi&itjEissrtT ? 

t i> £, £ 2 coi29!#*J§ HbKiD, &JRBBi»» 1 2 1 4 fctf^-r* £ i: 

^■cu, ifc, mi (Dmmmmm 1 1 a i l z^xm2<Dmm^mm 1 1 b ^*-rs - 1 

[0 0 3 1 ] 

miiE#2 010-3005501 
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nm4 tzmjt&o -e-L-c, (1^*3 fc***4 fc^wiKut, msi^wm^s^pa^ 
mmm. i w^ffi± k (± , mm&mmm £ ftfcBMk*3M*#£?uR 2 mm ztixts*). 

[0 0 3 2 ] 

wnv®*mfa& : fim2 »±, mt*9> (t i o 2 ) , mt*x (Sno 2 ) , mt*yy 

7stV (W0 3 ) , 9HkJE& (ZnO) , mt-*y (Nb 2 0 5 ) 

1 - 1 0 0 0 nmCtlrtjWi Lv> 0 aMktt¥$#£?LK 2 Off $ 

ti, 0. 5-5 0^miIflfiL^o 
[0 0 3 3 ] 

n-f 1 ^gitLtl^giJiia "9^-fbt»#S#0M^-*m««i ± 

T#?LSClfc1-<5>^i£, "J -7 - v ^ n if - X ^ L Tif L /: iw^'Jv-V'f 

* n tr - x i mikiGM*ft¥9eM izxiomz Lxmt * Mm £ ^tg-iinit-r & n& & z * 

[0 0 3 4] 
[0 0 3 5] 

[0 0 3 6 ] 

>*iz\*%\\M4 *y Ltti, yf-^Aj®, eg«Mk>r < ^vj * t ^ 

[0 0 3 7] 

Ltli, #!)xJ£\ 3-Mk$!k -/7'/iti^^-' fffiiHk^%£$SFilKfflv> 
j:ti«-C|io pl*$#^"b^ii 5 *r^jSi-4*ffil±«FtzWIR$<x* i><DXl± 

tBIE# 2010-3005501 
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[0 0 3 8] 

n*. t*<n&mw&. i t o ^ f t of ©iittMti*^^ ^ ^ ti ?r 

Mti, fllxJ** 6#§|-C-£>*Ui\ ^ka^KSrlfe^j L-C^a-t*^ OTj&^J/TCC 

±fc, Wg4 ©Ilk 44*ttt*fttS:E*, ^^M^t'^Ci 
^ItijiW^JRW**^** 1 ?- 6 H «t 1 Olfii^JB 1 4 /^im-t 7?'^^ 

[ 0 0 3 9 ] 

< mmm i > 

JSITO^MSKJ: 0 , HI 2 KtjvT J: 9 £^«*«1 *ftSLfc« 

itIW&M 1 1 *3«t 1 0 t LT> 1 0 0 mmX 1 0 0 mmiOF T01#i ifyTs 

o- 6 no&o) v-^aieiu lo^^w^'P^, nst;, 2 0^1 i 

JS,«SWPTft»L, 5 5 Ot:, 1 5^HB*»»tTtt*LT, Sg^^i^REMl 2 
ZMJ&Ltio :-t% ^JIBEHS 1 2 OlUg&itiKi 5 0 0/dii, JMti 5 m <h U 

. &J5E*sui 1 2 ti^w-c, «j - > epmiz x "9 , &i c^tsi^t-^- 

=f- b^^^-g-tL-r^W-t^d tCi i|feSil4*MLfco tf&ift/f 1 4 0?£j&ip§ 
fi. &JPtBB&ff 1 2 Wffl2f|(i]W«fc, K-fJJ&^O 1 0 0 ^ mZ&mtZt 19 , #"9*3k«<7> 

^ffi^p>o^$ti 1 0 ^ mzs&t l^o z<Dtz»b, %h titzmmm 1 4 (D&mnzB.m 1 

2 ^ lb Off 3 lift 5 /* m K & £ o 

fc 1 <Z>HJfi0!l 1 - 2 K*5V>T\ r 7 ;K t + 7 )V 3 y K/fil ^ 7 ^ ^ 

-*hi %%>mm±. [t^< T+^mr^^* -> kj ?:±^it^ii^iit 
z-c, m 2 (Dammit, p b o-B 2 03^orfji£oi£ii!*#7*^-* htfflw, 

J? 3 lift 5 //m, i20ftii©)|?lift5^mt**o 
[0 0 4 0] 

1 0±K, 5jE*&3ttS2 0 - 2 5 nmWfltf ^ >#tfcifc*Jft*U K 

Wl4i:LT, e^A^FT0^7^ISIt*fflv\ d<7)*t@4 t HirKf^ffllE 3 
fc*, 5 0/* mJ?<7)^nTM14WJJ|v- h LT^£^7^ST«tt|nI £i±\ 

«ria»iB->- o, sii3, 4£@sgL7t 0 ns^init 

*j-^4ffi<0— SBSr^ttTiSV^o ioafttP* 4 ^, 0. 5 MO 3 »Mfc»tt t 0 . 
0 5MC7)3>7^^ £±/£5H^tf> h*->T-bf-h 'J^iM^'ftALtlf #11 5 

•3'#£htU 3!f7Xffl{^f;i:tttCT?:^LT, WR-fe* t & S ifcWJEJft*^ * 

tBIE#2 010-3005501 



#SI 2 0 0 3 - 3 0 5 2 6 9 ^- V '. 9/ 

Zm&gk-tfrcoytm^miFfti*. i7v^ (AM) 1. 5. 10 0mW/cm 2 «Ifi 
[ 0 0 4 1 ] 





_. • • 11. ajj a —Lx j V 




mmm 1-1 




3.9 


mmm 1-2 




3.7 


3?J&fc0>l 1-3 


y'JHi-7 


3.5 


HfifcflJ 1-4 


y'J* 


3.3 


mmm 1-5 


7n^t + 7JI<*/l'y , Jfr-h + $Jl7^:>*yK 


3.5 



[0 0 4 2 ] 

< mt&m 2 > 

1 0 t Lt, 1 0 0 mmx 10 0 ram«**7XSft^Iv\ ^cofl®^ a6o £ j£ 

K«ti9, ^mi® {&mmm 1 2) £?bj&l^o EJ&B^fi, *^oi t iwi#-e& 19 . m 

g&<DJ!$t±2 ^ rat L^o i^HIS^<7)±^P,, X7>-iMi£i: i ^ 

JI£ 1 0 0 0 nm©FTO/ I T0M^ML/; o £<bK, *1 OfS** 1 £fflv^ g| 

[0 0 4 3 ] 

3 > 

1 0 t Lt, 1 0 0 mmX 1 0 0 mm^)**7^2S^f v\ IWllC, 1 0 
/*m, 413 5 0 0/xm<Dffil 0 a M#fc<7)@eit^^ - > I^t&o xyf>/MLfc 

0 £0±^<b, X/lz-MSCJ: <9> J¥£ 1 0 0 0 nmtOFTO/ I TO&^JBSfc^ 

1 0 aOflBJ: 19 >9 2 0 0 ^mfo)|;< tofc„ $ fcfc, &J(lBlfUI 1 2«D±£ 
S?J:^:, SlwtWi HJfcm tpjiiat, 2^->i: 

^^•^T^#il 1 4 ZJ&J&LtZo 

[0 0 4 4 ] 

<Jtra 1 > 

1 0 Oramx 1 0 0mracO»i**7^iS CO^MK. HM^O 1 £ I^M^^Jfllt- 

fc, «0U2 t TOW^Ht- i *9, jtTOm/ttiIiM£itfc&J?£ lOOOnmWFT 
O/ITOl^IMU tlMl^lLfco 

ttiiE#2 010-3005501 
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i><Dt3*z.btiZo ifc, AMI. 50*<ft*»3fc»rJ: 

Z\(D Z\ k.frh ^ &mm*®i-t*^t5i&. «RlsIJ»<0iSiR^+5"C* "9 , 

[ 0 0 4 5 ] 

<Jttt«2 > 

1 0 0 mmX 1 0 0 mmWFT01#l**7^SMIi:, 46 o §&K«fc 0 , &fifeffl 

«o^srfflv»-c, mwmwm tmmmzmto&wz 300 nmwFToi^Mit, 

Z<D X n LTM$^«i3IS 1 (Omm* S EM, EDXKJ: OtHi^L*:*: 

1 ^fflv^r, mmm 1 ^so^hcj: KK-t^fcft&^msEJft* 1 ?- 

£ ft SILT, Rft*fm*^©ft*9EaM*te*r* AMI. 5oM«*i:iDMLf; 

•J , B&*tt i £ 5 1 # ffi * T v> & v> d t *m o o 

[0 0 4 6] 
<Jfctfcffll3 > 

1 0 0 mmX 1 0 0 mm«FT0I#l**7XlSOSSC, fclfctt £ £ t 

Ml. 5O«i0bfc»3fc£J: Dff«Lfct:%, ^M$1±0. 2 3%t*o/: 0 ^co^t 
^&»tH£T L T v> * £ £ rt^ij o fc 0 

[H®offi^.^iiiHj] 

[ 0 0 4 7 ] 

[[HI] *3W!Ott»««)|l 1 0ll«:^-t-»fi5ll-C*^o 

[@4] *||^^iit(7)i3 0!l*ftlgfffiit*So 
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